Maintaining biological diversity in Finnish forests by Virkkala, Raimo








FO O O O O O O O O O O O O O O O O O O O O O O O O
FINNISH ENVIRONMENT INSTITUTE

The Finnish Environment 278





. . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . ..
* FiNNISH ENVIRONMENT INSTITUTE
158N952-l 1-0417-1
ISSN 1238-73 12
The Finnish Environment 278
Nature and Land Use Division
Front cover: OId-growth spruce forest in northecn Ftnland
Photo: Raimo Wkkala
Edfta Ltd, Helsinki 999
0
Contents
Suomen metsien biodwersiteetin säilyttäminen .5
.4bstract 6
1 Introduction 7
2 Biogeographic zonality and general patterns offorests
inFinland 2
3 Species’ distribution in boreal areas 10
4 Characteristics ofclimate, landscape and natural histoiy
in Finland II
5 Finnish forest type classification 12
6 Naturaldynamicsofforests 14
7 History of forest use in Finland 16
8 Consequences ofsilvicultural practices on forest structure 17
9 Measuring biological dwersity 19
10 The significance ofecological models 20
II Habitat ftagmentation 22
12 Effects offorest management on biota 23
13 Systematic reserve selection 28
14 Resolutions and forest conservation programmes for
sustaining biodiversity 30
13 Legislation reform 32
16 Means ofsustaining biodwersity in forests 33
1 7 Research priorities 32









Tässä julkaisussa tarkastellaan metsiemme biodiversiteeffiä ja siihen vaikuttavia
prosesseja. Työssä tutkitaan sekä luonnon dynamiikan että ihmistoiminnan vaiku
tuksia metsiemme monimuotoisuuteen sekä tuodaan esille toimenpiteet, joiden
avulla monimuotoisuus voidaan tulevaisuudessa säilyttää. Tämän työn keskeisiä
osia on tuotu esille Biodiversiteeffisopimuksen (Convenfion of Biological Diversi
ty) 3. osapuolikokouksessa Buenos Airesissa marraskuussa 1996 esitetyssä Suo
men kannanotossa ‘Maintaining, Conserving and Enhandng Biological Diversity
ofForests in Finland’ (UNEP/CBD/COP/Thfrd Meefingflnf. 35, Buenos Aires 1996).
Tämä julkaisu pyrkii edellistä asialdrjaa huomattavasti laajemmin tuomaan
esille metsien biodiversiteettiin liittyviä ekologisia lainalaisuuksia. Työssä tarkas
tellaan mm. metsiemme ja lajistomme erityispiirteitä, ekologisia malleja ja niiden
tarjomia mahdollisuuksia arvioitaessa lajistomme säilymistä sekä ekologisesti re
levantteja toimenpiteitä ylläpitää biologinen monimuotoisuus.
Boreaaliseen metsäluontoon on aiemmin vaikuttanut ns. luontainen häiriö
dynamiikka, kuten metsäpalot, tuulenkaadot sekä hyönteisten ja muiden eliölaji
en (esim. majavan) aiheuttamat bioottiset häiriöt. Boreaalisten metsien lajit ovat
sopeutuneet metsäluonnon häiriöiden olemassaoloon ja metsäluonnon dynamilk
kaan. Nykyisin kuitenkin lähes kaikki metsät suojelualueiden ulkopuolella pyri
tään hoitamaan puuntuotannon tavoitteiden mukaisesti. Intensiivinen metsätalo
us muuttaa metsien rakennetta ja metsätyyppien alueellista koostumusta tavalla,
mihin osa lajeista ei ole sopeutunut. Erityisesti vanhoja metsiä suosivat lajit, lehto
jen lajit, ravinteisten korpien ja lettojen lajit ja lahoavaa puuainesta vaativat lajit
ovat vähentyneet metsätalouden toiminnan seurauksena.
Koska luonnonmetsämaisemaa ja luonnonmetsien rakennetta ei voi säilyttää
intensiivisesti puuntuotantoa varten hoidetuissa metsissä, suojelualueiden perus
taminen on välttämätöntä. Nykyistä suojelualueverkkoa olisi laajennettava ja ta
voitteena tulisi olla, että vähintään 10 % metsämaasta olisi suojeltu kussakin met
säkasvillisuusvyöhykkeessä. Etelä-Suomessa metsien suojeluun liittyy aiemmin
talouskäytössä olleiden alueiden ennallistaminen ja suojelutavoitteen toteutumi
nen on jouduttava mitoittamaan pitkälle aikaväliule. Arvio suojeltavan metsän osuu
desta perustuu vilmeaikaiseen tietoon yhtenäisten metsäalueiden pirstoutumisen
knliffisistä kynnysarvoista, suojelualueverkon kattavuudesta käsittää tiettyjen eliö
ryhmien koko lajisto (linnut, pufldlokasvit), vanhojen luonnonmetsien osuudesta
metsämaisemassa sekä ekologisten mallien ennusteisiin (eliömaantieteeflinen
saariteoria, lähde-nielu -malli, metapopulaafiodynamiikka).
Metsänhoidon tulisi ottaa huomioon biodiversiteetin ylläpito talousmetsis
sä, kuten ns. avainbiotooppien ja muiden arvokkaiden luontokohteiden säilyttä
minen hakkuiden yhteydessä. Metsätalouden pitäisi pyrkiä jäljittelemään metsien
luontaista dynamiikkaa niin hyvin kuin se on mahdollista. Metsä-ja luonnonsuo
jelulain uudistus sekä Metsähallituksen toteuttama alue-ekologinen suunnittelu
luovat aiempaa paremman mahdollisuuden monimuotoisuuden ylläpitämiseksi
talousmetsissä. Näiden toimenpiteiden konkreettinen vaikutus ja riiftävyys voi
daan arvioida tarkemmin vasta tutldmusfiedon karttuessa. Metsätalouden vaiku
tus lajistoon sekä suojelualueverkon riittävyys monimuotoisuuden säilyttämises
sä ovat keskeisiä tulevaisuuden tutkimustarpeita.
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Abstract
This paper deals with patterns of biological diversity in finnish forests and proces
ses, both natural and human-caused, affecting tMs diversity. Ecologically relevant
issues in relation to maintenance of biological diversity, such as problems in me
asuring biodiversity, implicafions of ecological modeis, habitat fragmentafion and
systematic reserve selecfion are infroduced. The work presents also an overview of
means of maintaining biological diversity in Finnish forests.
Forests in boreal zone were originally modified by natural disturbances, such
as forest fires and storm fells. The native spedes of boreal forests have largeiy
adapted to natural disturbances and successive natural dynamics. At present, al
most ali forest iand outside protected areas is subject to systematic silvicuitural
pracfices. Intensive forest management changes the structure of forests and regio
nal disftibufion and proporfion of forest types in a way to which ali spedes are not
adapted. Parficularly, spedes of old-growth coniferous forests, spedes of various
herb-rich forests, mature dedduous forests, nutrient-rich peatlands, and spedes
requiring decaying wood have decreased.
Because it is impossibie to maintain ali the characteristics of natural forest
landscape and forest structure in intensively managed forests, the foundafion of
nature reserves is of utmost importance. The present reserve network should be
enlarged, and the minimum level shouid be at least 10% of forest land protected in
each biogeographic forest zone and secfion. The level of the forest land to be pro
tected is based on the crificai thresholds of habitat fragmentation, on the systema
tic seiection of areas to consist of ali spedes in parficular groups (land birds, vascu
lar plants), on the minimum proportion of old-growth forests in the forest landsca
pe and on the predictions of ecological modeis. Forest management pracfices should
take into account the demands of sustaining biodiversity, such as preserving smaii
scale ‘key biotopes’. In general, forestry shouid simulate natural dynamics of fo




Biological diversity or biodiversity refers to the variety in the living world. Biodi
versity is deflned hierarchically in terms of genes, spedes, communities and ecosys
tems. However, biodiversity is not a strictly defined conceptbut a term for defining
several aspeds of variafion and heterogeneity in living nature (Halla and Kouki
1994). This means that several alternafive criteria can be used to operafionalize this
term. In addifion to biological hierarchy leveis, scale is important in considering
biodiversity. We may consider point diversit e. g., at an individual free level, di
versity of a forest patch or stand and diversity of several forest patches iii a landsca
pe.
At present the loss of biodiversity is confinuously observed ail over the Earth.
The fundamental and irreversible losses indude the extinction of species. The pre
sent exffnction rates of spedes are rougffly 1000—10 000 -fold compared to natural
background extinction rates (Wilson 1992, Heywood and Watson 1995, p. 235).
Spedes disappear par%cularly in fropical areas as a consequence of deforestation. It
has been estimated that the area of tropicai forests decreases about 1% every year
(Groombridge 1992). The published range of tropical forest loss suggests that rough
ly 1 — 10% of ali the world’s spedes wffl become extinct over the next quarter
century (Heywood and Watson 1995).
Finland is situated in the boreal coniferous zone between the temperate ded
duous (nemoral) and the arctic zone. Finland is part of Fennoscandian (Balfic) shield
(Simonen 1980) which consists mostly of an andent bedrock area. The land area in
Finland is largely covered by moraines and glacifluvial eskers and other landscape
formaffons created by the eroding and retreafing glacier.
finland presented a contribution on forests and biodiversity to the 3rd Confe
rence of the Parties (COP) to the Convention of Biological Diversity (CBD) in
Buenos Aires in November 1996. TMs paper ‘Maintaining, Conserving and Enhan
dng Biological Diversity of forests in Finland’ was prepared mostly in the Finnish
Environment Institute and it presented the main characterisfics of forest landscape
and biodiversity and highlighted the steering mechanisms for maintaining biodi
versity in Finnish forests (UNEP 1996a).
The present paper deals with the same topics in more detail and it is more
ecologically oriented. lis focus is in pattems and processes ofbiological diversity in
forests with spedai reference to human-caused changes affecting biodiversity. It
presents an overview of the natural history of forests in Finland, and natural dyna
mics and sfructure of boreal forests in fennoscandia. Ecologicaily relevant issues in
relation to maintenance of biological diversit such as problems in measuring bio
diversity. implicafions of ecological modeis, habitat fragmentation and systemaffc
reserve selection are introduced. The means of maintaining biologicai diversity in
finnish forests are discussed.
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Eiocoraphic zonality and
9eneral patterns of forests in
Finland
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
Based mostly on forest vegetafion the boreal zone is divided into southboreal,
midboreal and northboreal (sub)zones. The phytogeographic zonahon of north
western Europe has been described in detail by Ahti et aL (1968), and the circumpo
lar pattem of this zonafion has been represented by Hämet-Ahfi (1981). Besides
latitudinal gradient (from south to north) of (sub)zones there is also a clear oceani
ty-continentality gradient in west-east direcfion (see Ministry of the Environment
1994). In this gradient finnish forests represent suboceanic to slightly continental
forests.
The southwestern coast of Finland belongs to the hemiboreal (called also bo
reonemoral) zone between the boreal and nemoral deciduous zones (Fig. 1). This
zone is narrow, but floristically rich (Kaifiola 1973) consisting a larger proportion of
herb-rich forests than other areas in the country. The very northernmost Finland is
part of hemiarcfic (subarCtiC) zone, being dominated by alpine heaths, shrublands
and rocky areas.
finnish forests are largely dominated by conffers, Scots pine Pinus sytvestris on
dry and submesic sites, and Norway spruce Picea abies on mesic sites (subsp. abies in
the south, and subsp. obovata in the north). Conifers grow often mixed with some
broad-leaved dedduous trees, the most common being birChes, Betuta pendula on
mineral and B. pubescens on peaty soils. Mders Ainus incana and A. gtutinosa, aspen
Populus tremula and rowan Sorbus aucuparia are less common. Dedduous frees occUr
more frequenfly in younger forests. In northernmost Finland the mountain birch
Betula pubescens subsp. czerepanovii (‘B. tortuosa’) is the dominafing tree spedes.
Southem broad-leaved dedduous free spedes are rare and grow only in edaphi
cally or climatologically favourable sites. These spedes, oak Quercus robur, linden
liha cordata, elms Utmus gtabra, U. taevis, ash fraxinus excelsior, maple Acer ptatanoides
and hazel Conjtus avehlana occur mostly in hemiboreal areas, and only occassionally
in more northem regions. Black aider Atnus giutinosa, occurring on moist nutrient
rich habitats, reaches the midboreal subzone. About 75% (234 000 km2) of the land
area in Finland (total Iand area 305 000 km2) is covered by forests and other wooded
land. About 65% of forests is dominated by pine, 25% by spruce, 8% by dedduous
trees, mainly bfrches, and the rest being treeless areas (Sevola 1997). Originally
over 30% of the land area was covered by mires, both open fens and varlous woo
ded mires. Owing to drainage the proportion of natural peaflands has considerably
been reduced and covers nowadays only 14% of the total land area (see chapter 8).
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Fig. 1. Forest vegetation (sub)zones in Finland based on KaIeIa (1961) and Ministry of the
Environment (1994). 1 = hemiboreol, 2 = southboreol, 3 = midboreal, 4 = northboreal;




Spedes have large ranges in the boreal zone compared to more southem areas, e.g.,
in the tropics. Also spedes numbers, both local and regional, are considerably lo
wer in the boreal zone. Spatial variation in spedes assemblages in boreal areas is, in
general, low (Virkkala 1995). For instance, over half of the the bird spedes in coni
ferous forests are the same in Finland and central Siberia, although the distance is
about 3000 km (Haila and Järvinen 1990). Temporal variation in boreal areas is high,
such as spedes’ year-to-year variation in density on a given site. This is probably
owing to environmental cimaffc factors such as harshness, unpredictabffity and
variabffity Wirkkala 1991a).
However, fiora and fauna are much more variable than the Iow spedes num
ber would suggest. Populations in separate regions in the vast boreal zone can be
gene%cally fairly different (e.g. proveniences of many tree spedes), hybridizafion
is relafively common, and vicariance is not unusual in larger geographic scale. Spe
des are adapted to the disffirbance regime of the particular forest type that they
occupy. for instance, spedes inhabifing moist spruce forests are sensifive to large
scale disturbances because these forests regenerate naturally through gap dyna
mics.
Fennoscandia differs biogeographically, geologically and dimatically from
the surrounding areas. The bedrock is different and there are spedfic geological
formafions caused by giadafion: eskers, end moraines and large oligotrophic wa
tercourses. Consequently, vegetafion and forests diifer from those in surrounding
areas. For instance, the Scots pine is the most common tree spedes in Finland, and
the mountain birch forms the tree limit in the fennoscandian mountains.
Ice Age histoiy and different biogeographic factors suggest that selection
pressures in Nordic biota largely deviate ftom those in more continental northem
Russian areas. In the Baltic shores and the Scandian mountains habitats are most
unstable and unpredictable allowing rapid radal evolufion: the spedation process
has afready reached a variety level in many taxa in less than 10 000 years after the
Ice Age (Borgen 1987, Jonseil 1988). These facts suggest that also many forest and
mfre spedes can show quite a lot of infraspedfic variafion, but this has been insuf
fidently studied. The same trend is further strengthened by fragmented occurrence
of many spedes of nutrient-nch peatlands and herb-rich forests. E.g. natural oak
populafions in souffiwestem Finland are genetically different having a number of
rare alleles (Mattila et al. 1994).
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areas
Species’ distribution in boreal
Cbaracteristics of climate,
landscape and natural history in
Finland
..............a........................................
In boreal areas ffiere is a clear clima6c seasonality with snow cover in winter. Weat
her extremes are typical: very cold winters or springs occur irregularly (e.g., once or
twice a decade). Weather extremes have considerable effects on the numbers of
boreal animais and plants.
Most of Finland’s landscape (over 90 %) is less than 300 m above sea level.
Although the overail elevation range is small, the local relief (terrain) is rough,
height dffferences between nearby sites can he large, several tens of metres or even
over 100 m. In general the Finnish Iandscape is heterogeneous at the small scale
both topographically and edaphically. Geologically the landscape consists largely
of a penepiain, a relatively fiat land surface produced by a long period of erosion.
The bedrock consists mostly of Pre-Cambrian gneissose granites and granites. In
scaftered areas with basic bedrock (mostly schists) the vegetation is often lush
induding forest types with grass-herb vegetation, and eutrophic fens. The age of
the bedrock area is about two mffliard years (1.5 — 2.8 milliard years, Simonen 1980).
Finland and fennoscandia were covered by Ice masses during the Pleistocene
period (2 million — 10 000 years before present, BP). The latest glaciation ended
about 10 000 years BP (Donner 1965, Taipale and Saarnisto 1991). Probably as a
consequence of gladation there are only a relatively few tree species, espedally
conifers, in Fennoscandia.
Tree species composifion has varied in Fennoscandia after glaciafion ended.
Pine and birch colonised Finland quite soon in early postgladal era, but spruce
reached Finland probahly between 5000 — 4000 years BP (see, however, KuUman
1996). During the so-called Atlanfic warm period, 7500 — 4500 BP, southern broad
leaved dedduous frees, such as oak, linden, hazel and elms were more common
than at present (Kaffiola 1973, Taipale and Saarnisto 1991).
After the giadaifon ended, land has risen from the sea at the rate of 0.5—1.0 m/
century (measured at a vertical axis). The land rising is a consequence of the giader,
the mass of which (thickness about 3 km) pressed the ground (Taipale and Saarnis
to 1991). Primary succession occurs on a land risen from the sea. Landscape arisen
from the sea in westem and southwestem Finland is rather fiat, and it was original
ly widely paludffied. In westem Finland, in Ostrobothnia even 60% of the land was
originally covered by mires.
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Finnisb forest type classification
.......................................................
finnish forests are dassified on the basis of field and ground layer vegetation (see,
e.g., Cajander 1926, Kalela 1961, Kujala 1979, Lahti 1995 and literature therein). The
poorest soils are dominated by lichen-rich pine forests (Ctadina forest site type),
mixed with some mosses and dwarf shrubs (Caltuna vuigaris, Empetrum nigrum coll.).
In dry (Cattuna forest site types) and submesic (Vaccinium forest site type) heaffi
forests dwarf shrubs, Catluna vuigaris and Vaccinium vitis-idaea, respectively, and
mosses (Dicranum spp., Pleurozium schreberz) dominate. In mature mesic forests (Myr
tittus forest site type), dominated usually by spruce, bilberry (Vaccinium myrtitius)
and mosses (Hylocomium sptendens, Dicranum spp. and Pteurozium schreberi) are pre
vaffing, but also some low herbs and grasses occur. Herbs and grasses are more
abundant in Iow-herb heath forests (Oxalis-Myrtitlus forest site type). The spedes
composition of this southboreal series of forest site types changes m south-north
gradient and propo±on of, e.g., Empetrum nigrum coll., Vaccinium utiginosum and
Ledum patustre in the forest understorey increase to the north. According to ffiese
changes parallel types of the southboreal forest types have been differenfiated for
various boreal subzones (see fig. 1).
In addifion to this Iarge-scale variation in heath forests there are also some
more spedfic forest habitats. Proportions of herbs, fems and grasses increase aiong
the moisture and edaphic gradient, and many types of diy (e.g. Melica-Lathyrus
type), mesic (Maianthemum-Oxatis and Hepatica-Oxatis types), and moist (Athyri
um-Oxalis and Matteuccia types) herb-rich forests have been described (see Mi
nistry of the Environment 1994). Herb-rich forests are clearly restricted to certain
edaphically favourable regions. In spite of their small area at present (<1% of ali
forest land) herb-rich forests contribute a large proportion of spedes diversity in
finnish forests (see threatened species in chapter 12).
Sunny exposed siopes of great eskers and other gladftuvial formations, like
Salpausselkä end moraines in southem Finland, consist of specffic esker variants of
forests, diffenng dearly from ordmay lowland forests (Jalas 1950, Heikkinen 1991).
These forests are not as dense as ordinary heath forests, and are often mixed with
some broad-leaved deciduous trees and indude more bushes, herbs and grasses,
e.g. several legumes. Some of these esker forests consist of site-specffic florisfic
elements, e.g. Pulsatilta patens, R vernatis, Astragatus atpinus, Oxytropis campestris,
Anthyttis vulneraria subsp. fennica. The Bafflc land upheavel coast has primary fo
rests with ffieir own florisfic features, but these have been insuffidently studied.
Paludffication is a very common phenomenon in the finnish landscape, and
various peatland forests, like pine bogs and wooded spruce and birch mfres are
common. Many Finnish mfre site types, such as herb- and grass-rich spruce and
birch mires, Alnus gtutinosa -swamps, euftophic pine bogs and wooded fens (see,
e.g., Ruuhijärvi 1983, Eurola et al. 1984) are rare habitats in Europe. SpatiaIly va
rying coexistence of heath forests, wooded and open mires, and various water
bodies wiffi many ecotones cause a great richness in the habitat diversity.
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The Cajaderian site type approach has been dominaffng in the finnish forest
dassification. Site types have been charactedzed by spedes assemblages in mature
tree stands, and &cumscripfion of various floristic successions of forests have been
studied insuffidently. for example, only a few studies have been done on the rela
tions between tree spedes and understorey vegetaifon or on species richness along
the succession (see Tonten 1994, Oksanen and Tonten 1995)
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Natural dynamics of forests
OOOOOOOOOOOOOOOOO OOOO...OOO.OOOOOOOOOOOOOOOOOOOOOOOOOOO
A virgin forest landscape in boreal zone is modified by natural disturbances, such
as forest fires, storm fells, insect outbreaks causing defoliafion of needies or leaves
and other bioffc disturbances (Bonan and Shugart 1989, Angeistam 1996, Esseen et
al. 1997). Hooding of lakes and rivers affects forests along shores. Paludffication is
an important landscape factor, parficularly on a fiat terrain. Disturbances have caused
natural structural variafion in boreal forest landscape. Disturbances occur both at a
small scale (within a forest patch) and at a large scale (forest landscape). SmaU
scale variafion is, for instance, gap dynamics within a forest patch as a consequence
of windthrow of individual tree(s) (e.g. Kuuluvainen 1994). Large-scale disturban
ces consist of large fires or storms feffing trees over large areas. Effects of forest
fires vary considerably depending on physical factors, such as summer rainfali,
summer temperature, prevailing winds, and landscape topography.
Susceptability of tree species to forest fires differs. Norway spruce does not
tolerate high temperatures created by fires as well as Scots pine due to its thin bark
(Zackrisson 1977, Schimmel 1993). Therefore, most of the spruces burn easily and
die out during fire. Consequently, spruce forests occur in moist or mesic sites which
burn Iess frequently than dry sites, where pine forests are dominafing. In general,
only a part of the trees is burned and dies out in forest fires, particularly in pine
dominated forests (Zackrisson 1977). Pines may reach the age of 600 — 700 years in
fennoscandia but spruces the age of 300— 400 years. for instance, in virgin conife
rous forests in northern Sweden (Muddus national park) the oldest living pines
were over 700 years (bom in the 1270s), although the forest had bumed four times
(Engelmark 1987).
Normal fire frequency on a given site is usually 40— 200 years (e.g. Zackrisson
1977, Haapanen and Siitonen 1978, Lehtonen et al. 1996). In Sweden it has been
estimated that about 1% of the forest land bumed yearly before systemafic fire
suppression started in the late l9th century (Zackrisson 1977). Fire refugias are
forests that have never burned or burn very rarely, when the fire frequency may be
several hundreds of years. These forests are mainly spruce-dominated wet and
moist forests (Oifison et al. 1997).
The amount and proporifon of dead and dying frees increase in forest succes
sion. However, after a major disturbance, fire, flood or storm-fell, the amount of
dead wood can be very high. Individual frees die out in natural forests also owing
to compefifion between different free individuals. The volume of dead trees in
natural old-growffi forests can be about one fourth or one third of the total tree
volume. In old-growth coniferous forests the amount of dead wood is approxima
tely 50—100 m3/ha or even more, 100 —200 m3/ha (e.g., Andersson and Hyttebom
1991, Parviainen and Seppänen 1994, Kuuluvainen et al. 1998, Siitonen 1998). Over
half of the volume of dead wood consists of fallen trees on the ground.
As a consequence of natural disturbances the forest landscape is spafially he
terogeneous both at the small and large scale. This heterogeneity, however, differs
considerably from human-caused changes, such as forestry (see chapter 8). Distur
bances, forest fires and wind-falls, often affect only part of the living trees in fo
rests, and therefore, in spite of frequent disturbances large confinuous forest areas
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are typical in a landscape of natural forests. Severe storms and high-intensity fires
cause a forest succession to begin with a high amount of dead wood ftom the pre
disturbance tree generations (see Siitonen 1998).
Age structure within a natural forest is higMy variable: the forest consist of
trees of several age classes, tree generations and tree species. This is partly a conse
quence of natural disturbances, because only part of the living frees may die out in
fires, and fires enable a new tree generafion to grow within a forest of old-growth
trees remaining.
Originally the proportion of old-growth forests in Fennoscandia has been
relatively high. for instance, in the sparsely populated northemmost Finland (nort
hem Lapland), where the influence of man on forests has been the lowest in Fin
land, 35% of forests were over 200 years and 78% over 120 years old in 1921 —24 (lst
National Forest Inventory, Ilvessalo 1927).
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History of forest use in Finland
.......................................................
Finland has been conlinuously populated after the giadafion ended. The south
western part of the country was inhabited permanently during the Middle Age. A
greater increase in human populaifon size started in the New Age from the l6th
century onwards, when Finns started to colonize eastem and northern parts of the
country (Jutikkala and Pirinen 1981). The onginal people in Finland were fisher
men and hunters of game animais (for post-glacial fauna found in cultural sites, see
Ukkonen 1993). Finns started to culfivate land: in western Finland permanent fields
were deared ftom the forest, whereas in eastem Finland slash- and bum-cultivati
on of forest land was more common. Slash- and bum-culfivafion ended in eastem
Finland not unifi the turn of the l9th and 2Oth century. In eastern Finland even over
half of the forest land was subject to slash- and burn-culfivaffon in the lSth century
and early l9th century, when it was most common (Heikinheimo 1915).
Caffle was grazed in Finnish forests to reduce the use of fields and meadows
as pastures for catfle in summer. This caffie grazing in forests ended only some
decades ago, it was quite common even in the 1950s. Intensive cattle grazing af
fected the structure of forests considerably, such as the bush layer, as well as the
regenerafion of trees.
There was also a large scale use of pines for tar production, particularly in
western and central Finland. Tar was an important export product of Finland in the
I8th and l9th century. In addifion, forests have been used for firewood (as a fuel)
and buildings for centuries.
Large-scale industrial use of forests started in the 19th century. Sawtimber
production started first at the mid I9th centuiy and pulp industiy at the tum of 19th
and 2Oth century. At present forest indusfry is highly important in the economy of
Finland, the value of the export of the forest industry was 30% (55,6 miffiard Fin
nish marks) of the total export of Finland (186,3 milliard FIM) in 1996 (Sevola 1997).
About 90% of the trees cut in finnish forests (53 million cubic meters in 1996) are
used by forest industry: mainly for pulp, timber and plywood.
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Conscquences of silvicukural
practices on forest structure
OOOOOOOOOOOOOOOOOOOOO...OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
The exploitation of forests in Finland is both extensive and intensive. Almost ail
forest land outside protected areas is subject to systemafic silvicultural practices.
The intensity of management can be analyzed by Nafional Forest Inventories which
have been carried out in Finland since 1921—24. The occurrence of cuffings prior to
the sth Nafional forest Inventory in 1986—88 was studied (Salminen 1993) in the
nine southernmost forestry board distrids in Finland covering 27% of alI forest
land in Finland. 41% of ali forest land in ffiese forestry board districts was subject to
at least some cutting procedure during the ten-year-period and 89% of ail forest
land during the 29-year period preceding the inventory.
Managed forests are thinned twice or three times before they are regenerated
at the age of 60 — 140 years. The purpose of thinning is to produce high-quality
timber and to increase tree volume and tree growth. However, thinnings prevent
the formation of decayingtrees in managed forests, because in natural forests trees
die out as a consequence of compefition between different tree individuals. In
addfflon, fallen trees are usualiy removed ftom the managed forests.
Oldest living pines (600 — 700 years) have survived several forest fires, which
occurred usually once a century on a given site. Owing to regenerafion of forest at
the age of 60— 140 years, no old tree genera%ons remain in a landscape of managed
forests. Unmanaged old-growth forests consist of tree individuals of several free
generafions, whereas managed forests are usually relatively even-aged.
As a consequence of forest management both the amount and proporifon of
decaying trees are very low at present. In the 8th National Forest inventory in 1986
—88 it was calculated that the amount of dead trees (potentially economically usa
ble) in southern half of Finland was only 0.9 m3/ha, which was 0.8% of the total tree
volume (Parviainen and Seppänen 1994). The amount and quality of dead wood is
going to be measured in detail in the ongoing 9th National Forest Inventory (Tomp
pol997). In unmanaged, old-growth forests the volume of decaying frees is about
50— 100 m3/ha or more (see chapter 6). The decaying tree volume has decreased in
this century. for instance, in two areas in northern Sweden the quanfity of dead
standing trees was 12—13 m3/ha in 1890— 1900, but less than one m3/ha in 1960—70
(Linder and Ostlund 1992, 1998).
In the early 20ffi century (and late l9th centuly) cuffing of forests was mainly
selective, i.e. valuable individual trees were removed from forest. At the hirn of
1940s and 50s silvicultural practices changed. Qear-cuffing of a stand and replan
ffng or natural regenerafion ftom seed trees was adopted. This change in silvicultu
ral practice had considerable effects on forest landscape, and the earlier contiguous
forest areas have been fragmented (see chapter 11). Also the stnicture of forest
patches has become much more homogeneous, ‘cufflvated’ managed forests compti
se largely of stands of only one age dass.
Contiguous forest areas are also fragmented owing to forest roads built du
iing the past 40 years: ffiere were 5500 kms of permanent forest roads in Finland in
1960,23500 km in 1970,59000 km in 1980 and 118 500 in 1996 (Sevola 1997). During
the past hventy years about 3000 — 4000 km of new forest roads have been
constructed annually with a dedine in the mid 1990s, in 1994—96 about 2500 km of
forest roads were bufit annually (Sevola 1997).
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Forest fires have been systemafically suppressed in Finland during the past
100 years. In 1952 — 92 only about 20 km2 of forests were bumed annually (Aarne
1993). If about 1% of forests bumed yearly in virgin forest landscape (see Zadcris
son 1977), about 2000 km2 of forests would be buming in natural condffions in
Finland every year. This is, however, probably an overestimate as the area of wild
fires was much lower in the late l9th century before the active fire suppression
started (see Parviainen 1996).
Virgin mires have been drained, earlier for agricultural purposes, but from the
late 1950s onwards for foresfry. About 7000km2 of mires have been cleared as fields
and over 50000 km2 drained to increase tree growffi. Peak of drainage of mires was
in the 1960s and early 1970s, but the drainage has continued unifi the early 1990s.
75% of ali mires in souffiern half of Finland has been drained for tree production,
60% in southem part of northern Finland and 23% in northem part (Lapland) of
northern Finland (Sevola 1997). About 60% of the remaining virgin, unditched mi
res are in Lapland, tri areas which are not suitable for tree producfion. The loss of
virgin mires has been proportionally the greatest tri the most producfive mire ty
pes, such as tri various eufrophic feris and in grass- and herb-rich spmce mires. In
souffiem and central Finland the majoi-ity of unditched mires are tri the middle of
drained areas, and thus the drainage of the surrounding mires affeds the water
level of unditched mires.
In southern Finland no large areas of old-growth forests were left in the early
2Oth century due to cuttings and slash- and burn-culfivation. In contrast, in nort
hem Finland large areas of old-growth forests remained stifi in the mid 20th centu
ry. In northern Finland large-scale forestry started particularly after the second
world war in the late 1940s and early 1950s, when dear-cutting was also adopted as
a silvicultural practice. Consequently, the proportion of old-growth forests has
continuously decreased. The proportion of forests over 120 years old was 55% of
the whole forest land in northern haff of Finland in 1921 — 24 (lst National Forest
Inventory, Ilvessalo 1927), 44% in 1951—53 (3rd Inventory, Ilvessalo 1957) and 25%
tri 1992—94 (sth Inventory, Aarne 1995).
Mature broad-leaved dedduous forests have decreased in southem Finland
during the past 50 years as a consequence of forest management. Deciduous forests
covered 17.5% of the total forest land in southern Finland in 1951 —53, but 8.4% iri
1986
— 92 (Ilvessalo 1957, Aarne 1995). During the past 20 years the proportion of
dedduous forests has no loriger decreased due to establishment of young stands of
birch Betula pubescens in drained mires. Deciduous trees did not have any greater
economic value for the forest industry tri the 1950
— 1960s, and forests dominated
by birch and other deciduous (hardwood) trees were largely cut and replanted by
conifers in the 1950s and 60s. Nowadays pulp industry rieeds more deaduous (hard
wood) trees due to their recently discovered high-value in produdng high-quality
paper. At preserit there are too few birch forests for the rieeds of forest industry and,
thus, about 5 million cubic meters of hardwood (mainly birch) has been imported
yearly iri the 1990s, mainly ftom Russia (Sevola 1997). About one third of the hard
wood used by the forest iridustry ts imported.
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It is important to noffce the hierarchy of diversity in relation to scaie. This hierarchy
can be divided spafially, e.g., as foliows: (Whittaker 1977, communffles or spedes
richness):
(1) Alpha (cx) diversity: spedes Hchness of standard site sampies (e.g., single fo
rests)
(2) Beta (f3) diversity: diiferenfiaifon between communffies along habitat gradi
ents (e.g., patches of different-aged forests)
(3) Gamma (y) diversity: larger geographic region (iandscape level)
For instance, if a large old-growth forest area is ftagmented (see chapter 11)
due to dear-cuffings, spedes numbers may increase iocally (alpha or beta-diversi
ty), although species preferring oid-growth forests decline in or disappear from
this particular area. There might be an increase of species preferring edges, bushes,
open areas and increase of habitat generalists. However, if ali or most continuous
oid-growth forests in a larger geographical region (e.g., Finland) are fragmented,
spedes numbers (gamma-diversity) decrease as a consequence of disappearence of
spedes of old-growth forests. Therefore, measuring spedes numbers, and biodi
versity in general, is scale-dependent.
Spedes diversity of communifies has been measured by diversity-indices or
distinctive spedes groups. Diversity indices (such as Shannon-Wiener mdex, H’
— p in p1, where p1 is the proportion of spedes i in the community) reflect distri
bution pattems of speäes in different communifies. Diversity indices do not take
any qualitative aspects of different species into account. A community consisting
of relafively common spedes could receive a higher vaiue of diversity mdex than a
community consisting of rare and endangered species. Iherefore, these indices are
poor indicators of biodiversity, as no species’ quality is measured.
Distincfive spedes groups may better measure biologicai diversity. By using
so-called taxonomic diversity (Vane-Wright et al. 1991, Krajewski 1994) distinctive
spedes groups canbe weighed accordingto thefr taxonomic disfinctness and prio
rity areas for conservation can be identified. Tbis method is important for between
area or between-region comparison of biodiversity. Taxonomic diversity indices
idenfffy spedes or spedes groups ffiat contribute the most and the least to the
biological diversity. In measuring biologicai diversity, conservafion priority should




The distribu6on of spedes in natural and fragmented landscape can be analyzed by
specffic ecological modeis, such as island biogeographic model, source-sink model
and metapopula6on dynamics.
Island biogeographic theory predicts the relafion between the size of an is
Jand and spedes number (MacArthur and Wilson 1967). In addition to the size, also
isolation of an island affects spedes numbers. In general, the number of spedes
increases by the area-spedes equation S = cAz, where A is the area and S is the
spedes number. C and z are constants which depend on, e.g., the group of orga
nisms considered. In general, a tenfold increase in area doubles the fauna and fiora,
or in other way: a tenfold decrease in area causes the number of species to decline
into half. Island biogeographic model has been adjusted to oceanic islands or other
islands surrounded by water. However, island biogeographic model has implica
fions also to terrestrial ecosystems, parficularly in connecfion with fragmentafion
of earlier contiguous habitats (Wilson 1992). Island biogeographic model has been
utffized, e.g., in the tropics when estimafing the amount of spedes disappearing as
a consequence of deforestafion (e.g. Groombridge 1992).
In boreal forest zone, old-growth forests are islands in a ‘sea of managed
forests.’ However, for spedes preferring old-growth forests the surrounding ma
naged forest habitats are not as hosfile as sea for the island organisms. For spedes
preferring old-growth forests the size of the forest area is important. for instance,
m nature resewes in southem Finland the density of cavity (hole-) nesting bird
spedes preferring old-growth forests increased as the size of the old-growth forest
area (>100 years) increased, suggesting that cavity nesting spedes of old-growth
forests prefer large forest areas (>5 km2, Virkkala et al. 1994).
Quality of habitats is different in various habitat patches of a forest landscape.
Accordirig to source-sink model, sources are subpopulafions bemg demographical
ly viable (population growth rate, r > 0) whereas sinks are subpopulations of de
mographical inviabifity (r < 0) for a particular spedes (Pulliam 1988). Sinks wffl
ultimately become exfinct unless they receive immigrants from the source. Preser
ving source populafions m boreal forests is of utmost importance. Several spedes
and spedes groups prefer large, old-growth forest areas (e.g., m size over 10 km2),
although the spedes may occur also in small patches of old-growth forests or in
moderately managed forests (Virkkala 1990,1996 and references ffierein). for these
spedes small patches of old-growth forests and managed forests most probably
are sink habitats, and thus these populations are dependent on source populafions
in large, old-growth forest areas.
A third important ecological model is metapopulation dynamics. Metapopu
lation is an assemblage of a spedes’ Iocal populations which mteract via individu
ais moving among populafions (Hanski and Gilpm 1991, 1997, Hanski 1998). Frag
mentation of habitats may cause a metapopulafion sftucture that is a set of local
populafions in isolated habitat patches of an earlier contiguous landscape. In a
metapopulafion confinuous local populafion extincfions and recolonizations of
patches take place. The number of available habitat patches should, however, be
much greater than the number of inhabited patches in any particular time. The
metapopulation persists, ff colonizafion rate of patches exceeds exfincfion rate. If
0 The Finnish Environment 278
modeis
The si9nificance of ecolo9ical
the number of habitat patches declines under a certain crffical level, the whole
metapopulaifon will go exffnct although there may sffII be suitable habitat patches
Ieft in the landscape.
In general, ecological modeis predict ffiat there are crfflcal thresholds for the
preferred habitat of a given spedes. Only part of the habitat patches preferred by a
spedes are occupied at a given moment (metapopulaifon dynamics). This means
that the number of available habitat patches or areas must be considerably greater
than the number of actually inhabited patches or areas in a given moment. Quality
of inhabited patches is important. If ali inhabited patches of a species are sink
popuiations, the population may not survive without recruits from a source popu
lation (source-sink model). A decrease in habitat area causes a decrease in the num
bers of spedes preferring this habitat (island biogeographic model). The survival of
a spedes is largely dependent on the dispersal abffity of a spedes, that is the capa
dty of individuals in moving into the habitat where survival is high and offspring
production is possibie. For instance, several spedes of old-growth boreai forests
probably have a weak dispersal ability.
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Habitat fra9mentation
...............................
Habitat fragmentaffon is the process of subdividing a continuous habitat into smaller
pieces. In general, habitat ftagmentation consists of three componens: (1) the loss
of original habitat, (2) reduction in habitat patch size and (3) increasing isolafion
between habitat patches. Ali these components decrease the biological diversity of
the original habitat.
By using simulations and reviewing the available data of the effects of frag
mentation Andr&i (1994) analyzed the critical values of habitat fragmentation. He
observed that there most probably is a threshold in proporfion of suitable habitat
in the landscape, above which habitat fragmentation is merely habitat loss, the
decrease of spedes is linearly correlated with the decrease of available habitat.
Andrn observed that the threshold might be between 10 and 30% of the suitable
habitatremainingin the landscape. Thus, when the proportion of the suitable habi
tat is less than 10% of the original value, spedes preferring this habitat dearly
decrease more ffian the amount of available habitat predicts. So if we have 30 or
50% of the available habitat left on the Iandscape the population size of a spedes
preferring tMs habitat is predicted to be 30 or 50% of the original population size,
respectively. But if we have 10% of the habitat left, then the populafion size of a
spedes is dearly less than 10% of the original populafion.
The response of a species to landscape changes depends on spedalizafion to
different landscape elements (Andrn et al. 1997). Spedes preferring a decreasing
habitat type in a landscape are affected by ftagmentation whereas generalist spe
des occurring in several habitat types are not. Spedalized spedes preferring a dec
reasing habitat type may vary also in sensifivity to changes in fragment size and
degree of isolation.
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Effccts of forest mana9ement on
biota
OO....OOOOOO.OOOOOOOOO.OOO..OOOOOOOOOOOOOOOOOOOO
Forest management and other human use of forest resources change the structure
of forests and regional composition of different-aged and types of forests in a way
to which ail species are not adapted. Although a large proportion of spedes in
boreal forests are habitat generalists, many spedes having specffic habitat require
ments cannot survive in an intensively managed forest landscape.
Particularly species of old-growth coniferous forests, spedes of various herb
rich forests, spedes of mature dedduous forests, spedes of nuffient-rich peatlands,
and spedes requiring decaying wood have deaeased. 41% (692 out of 1692 endan
gered spedes in Finland, Rassi et al. 1992) of ali endangered animals, plants and
fungi in Finland are threatened predominantly by forest management (Table 1 and
2). Spedes benefitting from silvicultural practices, such as increased fragmentafion,
are largely habitat generalists that is species occurring in several habitat types.
Particularly numerically dominant spedes tend to be generalists, disffibuted broadly
across different forest types and across successional gradient (Haila et al. 1994). For
instance, in forest bfrds and carabid beeties the proportion of spedes spedalizing in
old-growth forests is about 10% (Halla 1994), but the proporfion is much higher in
saproxylic (spedes depending on decaying wood) beeties and wood-decomposing
fungi. The dedined species (like many birds, beeties, liverworths and mosses, lichens
and polyporous fungi) are mainly habitat spedalists, they are dependent on parti
cular habitat components decreased in managed forests.
Decaying trees comprise an important feature of natural forests. In natural
stands there is a continuity of trees of different decaying stages. It has been esfima
ted that of the rougbly 20000 forest spedes in Finland about 4000—5000 spedes are
dependent on dead wood that is about one fifth or one fourth of ali forest spedes
(Ministry of the Environment 1994, Siitonen 1998). The spedes groups particularly
dependent on decaying trees are beeties and decomposing fungi. In Sweden, 20%
of ali beefle spedes (880 out of 4350 species) are dependent on decaying trees
(Ehnström and Waldn 1986). In Finland, about 25 % of ail beetle spedes are sa
proxylic (900 out of 3600, P Rassi, pers. comm., Siitonen 1994). In certain groups of
decomposing fungi, polyporous fungi and Cortidaceae (altogether about 500 spe
des in Finland), the great majority (over 90%) of spedes require decaying wood.
About 20% (104 spedes) of these spedes are regarded as ffireatened due to forest
management (Rassi et al. 1992). It has been esfimated that about 80% of these fungi
in Finland suifer from the effects of foresfry (Renvail 1995), wMch indudes the
removal of decaying trees. These decomposing fungi are often confined to spedfic
decaying stages of a dead tree. They operate in the decaying succession of trees: the
occurrence of one decomposing fungus spedes is dependent on the decomposifion
of a tree caused by another spedes (Renvail and Niemelä 1994). The occurrence of
decomposing communffles demands a continuity of dead trees of dffferent decay
ing stages, and also a continuity of living trees on a specific site.
Also several spedes of lichens and bryophytes (liverworths and mosses) need
the confinuity of living trees, this means that there has been a permanent forest
cover on a site for several centuries. The importance of continuity of frees and old
growffi forests was dearly shown in northern Sweden by Pettersson et al. (1995).
They observed ffiat the numbers of invertebrates (inseds, spiders) on the branches
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of spruce were fivefold in natural forests where spruces were 200 years old if com
pared to spmces of managed forest of 100 years old. The higher number of inver
tebrates in the oider trees of natural forests was due to the abundance of slow
growing lichens in these trees. Bkd spedes of so-called fohage-gleaning guild fo
rage on invertebrates on the branches, such as, e.g, tits Parus spp. Several, resident
spedes of foliage-gleaning guild (Siberian tit Parus cinctus, crested fit P cristatus,
wfflow tit P montanus, Siberianjay Perisoreus infaustus) have considerably decreased
in Finland dudng the past 50 years (Väisänen et al. 1986). These spedes suifer, e.g.,
ftom the effects of forest fragmentafion caused by foresby (Helle and Järvinen
1986, Virkkala 1990), but probably also because ffiere are less food resources avai
0
invertebrates, III = vascular plants, IV = bryophytes, Iichens and fungi.
forests
1 II III IV Total %
15 318 38 356 727 43.0
Heath forests 2 III 3 135 251
OId-growth 2 105 1 107 215
Herb-rich forests 6 158 25 205 394
OId-growth 1 72 1 45 119








Table 2. The number of species thteatened primarily by forest managament practices (Rassi et al. 1992). 1 = vertebrates,
II = invertebrates, III = vascular plants, IV = bryophytes, Iichens and fungi.
1 II III IV Total
Eorest management, in general 7 274 35 376 692
Undefined forest management - 14 2! 123 158
Changes in tree species composition 3 74 12 129 218
Changes in age structure of forests 2 32 2 63 99
Decrease of decaying trees 2 154 - 61 217
lable rn managed forests This example shows that ffiere are complex mteracbons
in an old-growth forest: high age and slow growth of trees increase the amount of
lichens, and the more lichens the more invertebrates on branches, and the more
invertebrates the more foliage-gleaning birds.
Broad-leaved deciduous trees were earlier largely removed from a forest.
However, large, decaying aspens are of extremely high value for biota, such as for
saproxylic beeties, mosses, lichens and polyporous fungi (e.g., for beeties, see Siito
nen and Martikainen 1994, for lichens, see Kuusinen 1994, 1996). Large aspens also
provide cavffies for cavity nesting birds and mammais, Iilce the flying squirrel Pte
romys volans. Aspen has been regarded as a ‘key spedes’ in boreal forests, ffiat is a
spedes on which a particularly high number of spedes is dependent. The earlier,
systematic removal of large aspens from forests for silvicultural reasons has had
detrimental effects on biota.
There are several epiphyfic lichen species which cannot survive in managed
forests of short conffnuity of aspens even ffiough some old aspen trees would
occasionally be available (Kuusinen 1994). There was a dear negative relation bet
ween the occurrence of epiphytic lichens on aspen and forest management indica
ting the importance of the length of forest conffnuity (Kuusinen 1994). Such lichen
spedes clearly preferring unmanaged, old-growth forests include, e.g., Lobaria pul
monaria, Nephroma bellum, N. parile, N. resupinatum, Pannaria pezizoides and Parmetiella
triptophylla (Kuusinen 1996). Only a continuous supply of old aspens in moist sha
ded areas will guarantee the survival of epiphytic lichen spedes.
Siitonen and Martikainen (1994) compared beetles and fiat bugs living on the
decaying wood of aspen between finnish and Russian Karelia. In Russian Karelia
they observed 14 species (185 individuals) considered threatened in Finland but
only one threatened spedes (one individual!) in finnish Karelia. Siitonen and Mar
tikainen (1994) suggested that the high numbers of rare and ffireatened spedes at
the sites studied in Russian Karelia were attributable to the different management
history of the forests, particularly to the abundance and continuity of large, dead
aspens.
The decrease of mature, dedduous forests has caused a decline of several spe
des preferring these forests. For instance, the white-backed woodpecker Dendroco
0S leucotos feeds on wood-boring and bark-living insect larvae occurring mainly in
dying and dead dedduous trees (Au1n 1988). The white-backed woodpecker has
decreased and become an endangered spedes both in Finland (Virkkala et al. 1993)
and in Sweden (Auln 1988) owing to cutting and managing of mature dedduous
forests, such as removal of dying trees.
Virkkala (1990) studied the effects of silvicultural practices on bfrds in nort
hem finland. The total bird density or spedes numbers did not diifer between
managed and virgin, old-growth coniferous forests. The composition of bird as
semblages was, however, different. Spedes more common in managed habitats
were abundant habitat generalists, such as the wfflow warbler Phylloscopus trochitus
and the redwing Turdus iliacus. These spedes have inaeased in Finland due to forest
management during the past decades.
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forest management had a negative impact on the densifies of spedes prefer
ring old-growffi forests (Virkkala 1990), such as the redstart Phoenicurus phoenkurus
and the so-called northern taiga spedes (capercallhie Tetrao urogattus, three-toed
woodpecker Picoides tridactytus, Siberian fit, Siberian jay, pine grosbeak Pinicola
enucteator). Northem taiga spedes are mainly resident, and ffiese spedes have con
siderably dedined in Finland. The dedine of these spedes can be connected with
the negative effects of fragmentafion and the exclusion of large coniferous and
dead trees from managed forests. The capercaillie, the Siberian fit and the Siberian
jay have relatively large home ranges and they prefer large forest areas. The bree
ding success of the Siberian fit is poor in intensively managed forests. Redstart,
Siberian tit and three-toed woodpecker are cavity nesting spedes suffering from
the lack of suitable nest-sites. The three-toed woodpecker also feeds on wood
boring insects abundant m decaying trees.
Although bird spedes preferring old-growth forests have dedined in mana
ged forests and in small patches of old-growth forests, their population densities
remained the same between the 1940
— 50s and the 1980s in a large area of old
growth forests covering about 1000 km2 (Sompio Strict Nature Reserve — Urho
Kekkonen National Park, Virkkala 1990, 1991b). Large areas of old-growth forests
may maintain their original spedes composffion and species’ populafion size and
may also act as populafion sources for species preferring old-growth forests.
Clear-cuts affect biota in mature or old-growth forests in a ftagmented forest
landscape also indfrectly. for instance, several vole spedes prefer and are abundant
particularly in clear-cuts (Hansson 1979). Vole spedes fluctuate cycically with a
cycle length of 3 — 5 years in Fennoscandia (e.g., Hanski et al. 1991). When vole
populations crash, generalist vole-eating predators (mainly mammalian, such as
smafl mustelids and the red fox Vulpes vulpes) have to shift to an alternafive prey,
such as dutches and nestlings of birds. Thus, fragmentafion increases nest predati
on of birds in forests through increased numbers of predators (Hansson 1979, Ari
geistam 1992, Huhta 1995).
Drainage of mires for tree production has considerable effects on biota. The
drawdown of water level starts a secondary vegetation succession. Plant species of
wet habitats are first to disappear, and the change in spedes’ p001 is quickest on
wet nutrient-rich sites (Laine et al. 1995). In the postdrainage vegetation successi
on spedes of drier habitats spread first onto the site where original mire spedes
stiil prevail. After this period forest spedes start to dominate the site (Laine et al.
1995).
The disappearance of mire spedes has a time lag, plant spedes usually disap
pear within 20—30 years after drainage. Thus, in a drained mire the alpha (a) diver
sity of plants (see chapter 10) can be higher for some time after the drainage compa
red wiffi the diversity m undrained mire, as both imre and forest spedes can co
occur on a site for a while. However, imre drainage causes eventually the decrease
of the gamma (7) diversity of landscapes (see chapter 10) owing to the disapperan
ce of true mire spedes in a longer term (Laine et al. 1995). The most spedalized
spedes of mires have become endangered and disappeared in several regions in
Finland due to imre drainage. These indude plant spedes in eufrophic fens, such as
Dactylorhiza incarnata subsp. cruenta, Saxzfraga hircutus, Carex laxa, Microstylis mo
nophytlos (e.g. Heikkilä 1990). No spedes is known to be dependent on the occur
rence of drained mires (Laine et al. 1995). for instance, draining of mires inaeases
the numbers of aiready abundant generalist bird species, such as the wiflow war
bier and the redwing, and decrease the numbers of mire-nesting spedes, such as
waders (Väisänen and Rauhala 1983).
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Drainage of mires has caused considerable changes in the biota of streams.
Forest ditches increase the amount of inorganic material in the sfreams causing an
impoverishment of moss-dweffing, benffiic macroinvertebrate fauna (Vuori and
Joensuu 1996). Increased sedimentation causes the disappearance or dras%c dec
rease in several invertebrate groups, such as shedder-feeding stoneflies (Plecopte





Protected areas comprise a reserve network at a larger, regional scale. The aim of a
reserve network is to maintain ecosystems and spedes. Reserve network should be
both representafive and complementary (Pressey et al. 1993), which means that ali
habitat types of natural or semi-naturai ecosystems should be represented in the
reserve network. The reserve network should be large enough so that several po
pulations or subpopulafions of spedes are represented. During the past years nu
merical algorithms have been developed to idenfify the mimmum set of areas in
which ali spedes of particular species groups are represented in a given region.
Margules et al. (1988) idenfified the minimum set of wetlands m which ail native
piant spedes (98 spedes) are represented in the Macleay Valley floodplain, Ausfra
lia. Based on numericai algorithm they found that 78% of the whoie floodplain
should be induded ff aH the plant spedes were represented at ieast at five wetland
areas. This means that most of the floodpiain should be protected for maintaining
ali the native plant species.
In boreal regions a iarger proporfion of biota are habitat generaiists, so they
occur in several habitat types. Based on the similar procedure as Margules et al.
(1988), Virkkala (1996) anaiysed the minimum set of areas needed to include ali
spedes of land birds (98 species) occurring m forests and on mires in a particuiar
region, Kainuu (size 21 000 km2), situated in northem Finland. The study was based
on the information of finnish bird atias (Hyyfiä et al. 1983) in which the presence of
a spedes was recorded in 10 x 10 km squares (aitogether 252 squares in the region,
Table 3). In order to cover ali the 98 bird speäes in at ieast five squares 13.5% of ali
squares should be included. Threatened species and decined spedes preferring
oid-growth forests (altogether 22 species) are particularly important in terms of
bioiogical diversity. In order to cover ali these species in at least five squares 10.3%
of ail squares should be included (Table 3). The composition of the areal network is
highly dependent on the rare spedes, as they are not observed in most squares in
contrast with more common spedes. This approach shows that induding ali spe
des of a parficular spedes group in the areal network in a boreal region does not
require most of the land area as in the Australian study of native wetland plant
spedes (Margules et al. 1988). This is partly due to the fact that a larger proportion
of spedes is habitat generalists not dependent on a spedfic habitat type. However,
for the adequate representation of spedes in an areal network there is a threshold,
which is approximateiy 10% of the iand area.
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Table 3. The number (n) and the proportion (%) ofsquares (10 x 10km) in Kainuu (northeastern Finland) needed to in
ciude ali forest and mire bird species (98 species, Virkbla 1996), and ali threatened bird species and bird species prefer
ring oid-growth forests (22 species, Virkkaia 1996) at least once, twice, three times, four times and five times. The total
number of squares in Kainuu is 252.
Species observed Ali species Threatened species
in at ieast and species preferring
oid-growth forests
n n %
One square 7 2.8 4 1.6
Two squares 13 5.2 10 4.0
Three squares 20 7.9 16 6.3
Four squares 26 10.3 21 8.3
Five squares 34 13.5 26 10.3
In a smaller scale study of disffibution pattems of rare vascular plants (65 species of
the total of 242 vascular plants) in Helvetinjärvi National Park (southern Finland)
in an area of 1300 ha, it was observed that to cover ali rare vascular plant species in
at least one site would require ffiat 1% of the land area should be induded. The area
percentage for at least five sites per spedes was about 8% (H. Toivonen and S. Järvi,
unpublished). Thus, these results in a smafler scale and in a different group ofbiota
are parallel with the approach of land birds in larger geographic scale.
On the offier hand, these results stress also the importance of edaphicaliy and
hydrologically favourable or spedfic sites for maintaining vascular plant diversity
in a boreal forest-mire landscape. In the Helvetinjärvi area rare vasculars were
concentrated on mesic and moist herb-rich forests, often along brooks, wooded
mires, and also to some extent on rocky outcrops and cliffs. These sites are often
small (only 0.1 — 2 hectares in size), which supports the importance of the ‘key
biotope’ concept (see chapters 15 and 16).
In selecting individual reserves several aspects should be taken into account
(Spellerberg 1994), including: (1) size and extent of the area, (2) diversity of spedes,
communffies and ecosystems, (3) naturalness, (4) rarity and commonness, (5) fragi
lity. The larger the area the more spedes are induded and the larger the population
sizes of species. In adäition, the negafive impacts of surrounding habitats are smal
ler in large areas. However, some spedes and habitats occur in specific, small-scale
sites, such as springs, brook margins and herb-rich forests. In such cases, the protec
fion of small areas is weli-founded. Diversity of spedes, communities and ecosys
tems is important, but spedes-poor habitats should lie emphasized if they consist
of rare and endangered spedes. The occurrence of rare and endangered spedes are
commonly regarded as essential in founding reserves, but also dedined spedes and
ecosystems should lie taken into account. It is important ffiat species retain their
funcfional significance in the ecosystem and do not dedine and become endange
red. Fragffity of a habitat should lie taken into account in founding reserves. Qear
cutting of an old-growth forest or drainage of a mire resuit in almost irreversible
changes in the ecosystem, and recovedng of these habitats to the state ffiat occur







Ministerial Conference on the protection of forests in Europe in Helsinki in 1993
defined a resolufion (HI) for ‘General Guidelines for the Sustainable Management
of forests in Europe’ and a resolution (H2) for ‘General Guidelines for the Conser
valion of the Biodiversity of European Forests’ (Ministry of Agriculture and Fo
restry 1995), which are parficularly important in maintaining and enhancing biolo
gical diversity. The resolufion of sustainable management (Hi) stresses that con
servation and appropriate enhancement of biological diversity in ail types of fo
rests is an essential element in the management of forests. Silvicultural practices
should simulate natural dynamics, and pracfices contrary to sustainable manage
ment should be actively discouraged. This resolufion also bflngs forth that fragile
ecosystems such as primary and climax (old-growth) forests should be protected.
The resolu%on of conservation of biodiversity (H2) suggests a speäfic proposal to
establish a network of forests to be protected. The purpose of this resolufion is to
maintain both representative and threatened ecosystems in terms of biodiversity.
In order to evaluate sustainable forest management and enhancement of bio
diversity it is important to idenfify criteria on which these concepts can be judged
in pracfice. Criteria mclude both descriptive and quantitafive indicators. Criterion 4
‘Maintenance, conservafion and appropriate enhancement of biological diversity
in forest ecosystems’ is parficularly important in terms of biodiversity, and it deals
with such conception areas as representa%ve, rare and vulnerable ecosystems, thre
atened species, and biological diversity in producfion forests (Ministry of Agricul
ture and Forestry 1995). The measured indicators of sustainable forestry have been
applied in Finland (Ministry of Agriculture and forestry 1997).
New Environmental Programme for Forestry in Finland was published by the
Ministry of Agriculture and forestry and Ministiy of the Environment in 1994. This
programme states that when promoting forest management and ufilisation, mc
reasing emphasis must be placed on attending to forest ecosystems in their enfire
ty and to mamntaining biodiversity (Ministry of Agnculture and Forestiy and Mi
nisfry of the Environment 1994). As a target for the year 2005 the Programme stres
sed, e.g., the importance of founding an adequate network of protected forest areas
in order to preserve the biodiversity in forest ecosystems and the use of commer
ual forests on a sustainable level m each region. Management of the forest landsca
pe should aim at redudng the impact of forestry on the ecosystem and the landsca
pe level.
The Ministry of the Envfronment (1994) has also published a strategy for sus
taimng biodiversity in Finnish forests. This programme stresses the importance of
protecing old-growth forests and, in general, the need for increasing the amount
of protected forest areas. Rare, site-specific habitats, such as spedfic herb-rich fo
rests and eufrophic fens should ail be preserved.
In addffion, this programme suggested a categorizafion of forests into separa
te types according to their use for dffferent purposes. The most valuable forest
areas in terms of biodiversity should be preserved but managed forests should be
dassffied into dffferent groups: those in which nature conservafion is parficularly
important (‘luonnonarvometsät’) and ffiose in which fimber producfion is the most
important aim (‘talousmetsät’). In managed forests of high conservalion value tim
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ber production should be carried out with low-intensity (for further discussion, see
chapter 16). This categorizafion of forests could also mean that the disffncffon bet
ween protected and managed forests would notbe so deai and the maintenance of
biodiversity in forests would indude a conffnuum of different areas in terms of
forest use ftom fully protected to managed forests.
In order to develop a reserve network some naifonal protec%on programmes
have been approved by the finnish govemment during the past ten years. These
indude, e.g., programmes of herb-rich forests (436 sites, total Iand area 53km2) and
old-growth forests (513 sites, total land area 3400 km2) both in southem and nort
hem finland.
In developing the finnish network of nature conservation areas also the Ha
bitat and Bird Directives of the European Union must be taken into account. The
Habitat Directive stresses the so-called favourable conservation status of habitats
and spedes with a special interest on the level of the European Union. To fulf111 the
demands of the Directives, an ecological network of special areas of conservation
shall be set up under the iltle Natura 2000 in each member state. As boreal forest
types are poorly represented in the habitat direcfive, new boreal habitat types have
been presented by Finland and Sweden to be induded in the habitat directive (Ap
pendix 1). These include forest habitats typical to Fennoscandia, such as hemibo
real natural old broad-Ieaved dedduous forests, natural forests of primaiy succes
sion stages of landupheavel coast, herb-rich forests with Picea abies, coniferous fo
rests on gladfiuvial eskers, subalpine forests with Betuta pubescens ssp. czerepanovii.
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A reform of nature conservation and forest legisla%on has just been carried out in
Finland. The new Nature Conserva%on and Forest Acts came into force at the he
ginning of 1997. The goal of the new Nature Conserva6on Act is to maintain and
enhance biodiversity in Finland. The Act takes into account the demands of the
European Union’s Habjtat and Bird Direcfives. The Nature Conservafion Act, e.g.,
sfresses the favourable conservafion status of natural habitats and of wild fauna
and fiora. In the Nature Conservafion Act, the favourable conservation status wffl
he reached by creating nature reserves, protecfing spedes and their spedfic sites of
occurrence, by protecfing spedfic, rare habitat types (see Appendix 2) and by other
regulafions of land use.
A general guideline of the Forest Act requfres the simulafion of natural dyna
mics of forests in management pracfices. forest harvesting should he carried out by
taldng into account the spedfic characters of a given site. There is also a statement
dealing with spedfic small-scale ‘key biotopes’ in which spedal caufion should he
applied when managing these habitats (see Appendix 2). It has been esfimated that
key biotopes presented m the forest Act cover 0.5
— 1% of the forestry land in
privately owned forests of Finland (Niemelä and Arnkil 1997, 1998). The total pro
portion of ail kinds of key biotopes and other valuable habitats (such as shoreline
woods) was esfimated to be 4—5% of total forestry land in privately owned forests
(Niemelä and Arnkil 1997, 1998). It should, however, be noficed that moderate
silvicultural procedures are allowed in most key biotope sites.
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LeisIation reform
Means of sustainin9 biodiversity
in forests
................................................
Forest conservaffon priorifies have to be seen against the biogeographic backg
round. Preserving representative forest and mire ecosystems of westem Eurasian
taiga is without doubt one of the main contributions of Finland to the nature con
servafion in the European and giobal context.
The basic argument in sustaining biodiversity in Finnish forests is that it is
impossible to maintain ali the characteristics of a natural forest landscape and fo
rest sftucture in intensively managed forests. For this reason, the foundafion of
nature reserves is of utmost importance (see Esseen et al. 1997). Without the foun
da%on of new reserves, several species and ecological groups will disappear, or
decrease 50 much that they loose their funcfional significance in the forest ecosys
tem. Viable populaiions of species having specific habitat and area requirements,
such as those preferring decaying wood and contiguous, old-growffi forests, could
be sustained only by an adequate reserve network.
for the whole country the proportion of protected forests is about 3% of pro
ductive forest land (tree growth >1 m3/ha/yr), and the new conservafion program
mes of forests would increase this figure to about 5%. The proportion of protected
forests comprises 0.5—3% of produc%ve forest land in the different forest vegetati
on zones and their secfions excluding the northemmost Finland, Forest Lapland
(section 4c in fig. 1), where reserves cover about 40% of forest land (Ministry of the
Environment 1994). Afier the foundation of protected areas in the conservation
progTammes, the proportion of protected forest land in hemiboreal, southboreal
and midboreal forest vegetafion zones would vary between 1 and 3%.
Although the protected forests in the northernmost Finland are ecologically
valuable, they cannot compensate the need for protection in more southern areas
having also more productive forests. At present the reserve network is not repre
sentafive, because most of the protected forests are situated in the very northem
most Finland. In addifion to productive forest land a great deal of unproductive
forestry land (scrub land) in terms of tree growth (tree growth 0.1 — 1.0 m3/halyr)
has been protected, about 25% of the total land area of scrub land. Unproductive
scrub land indudes, e.g., rocky areas, sparsely wooded mires and sparse forests
(induding mountain birch woods) near the northem forest line. About 75% of the
protected scrub land is situated in the northemmost Finland (Forest and Mountain
Lapland, sections 4c and 4d in Fig. 1). Scrub land does not compensate the need for
proteetion of productive forest land. About 7% of the combined land area of forest
and scrub land is protected in Finland.
The present reserve network should be enlarged, and the level to be reached
should preferably be at about 10% of forest land proteded in each of the forest
zones and sections (see Virkkala 1996). The given proportion of forest land to Se
protected is based on the recent knowledge of crffical thresholds of habitat frag
mentation, on the systemafic reserve selection to consist of ali spedes in a particu
lar group (land bfrds), on the minimum proportion of old-growth forests in the
forest landscape and on the predictions of ecological modeis (see chapters 8 and 10-
13; Virkkala 1996). In areas wiffi a high proportion of natural forests (such as in
eastem and northem Finland) forest protecfion should play a more important role
than in areas with a high level of degraded forests (see UNE? 19965), such as in
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southem and western Finland, where the proportion of forest land to be protected
might be lower (Virkkala 1996). The main argument for this is the need for protec
fion of larger source populafions of taiga spedes m eastem and northem Finland.
In a longer tenn protected forest areas should cover about 10% of forest land
also in southem Finland, but besides protection of existing forests this requfres
larger restorafion actions. In a short term, the proportion of the forest land to be
protected in southern and western Finland might be lower, e.g. 5% of forest land.
However, whether this reasoning holds true, further analyses are needed. In gene
ral, the balance between the use of in-situ conservafion (protected forests) and
ecosystem management (forest management guidelines) is influenced by the land
use history in each region (UNEP 1996b, Angeistam and Pettersson 1997). This
knowledge is crudal in assessing forest protection means, espedally in southern
Finland. In these regions poliflcal constraints against conservafion of larger forest
areas are also more severe than in northern and eastern part of the country.
In general the protected forest areas should be large enough, preferably over
10 km2 in size. Several spedes of natural and old-growth forests prefer such large
config-uous forest areas, for instance, resident bird spedes, like capercaillie, tree
toed woodpecker, Siberian fit, and Siberian jay (Virkkala 1990,1996). It is important
that the source populafions of spedes in thefr optimal habitats are being preserved.
In addffion, the protecfion of large forest areas is well-founded, as natural distur
bances and natural dynamics of forest landscape operate at a relatively large scale.
The operation of natural disturbances can be possible only in larger protected are
as. The early successional stages of natural distiirbance regime (e.g. young regene
rating stages after forest fire) are very rare in Finland. As a consequence, several
spedes assodated with forest fires have become threatened (see e.g. Niemelä 1997).
The foundation of reserves has priorifies. Firstly, the biologically important
areas of old-growth forests, mainly situated in northem and eastem Finland should
be preserved. Secondly, in areas in which old-growth forests and other valuable
forest ecosystems in terms of biodiversity no longer exist, the protection and resto
ring of ecosystems should be carried out. These areas indude southem and westem
Finland. Restoring of aiready managed forests in protected areas should indude,
e.g.: (1) increase of decaying wood by kiffing individual trees, (2) burning of a
forest, (3) cutfing of small areas (some ares) in homogeneous, managed coniferous
stands to increase the amount of broadleaved deciduous trees (which usually start
to grow in the openings) and dead trees. These felled trees should be left in the
forest to increase the amount of decaying wood on the ground. The purpose of the
smafl-scale cuttings is to create openings and, thus, to simulate gap dynamics (wind
throw) of natural forests. In protected dedduous forests and in herb-rich forests
feffing individual spmces isrecommended in managing the habitat.
In Sweden, Angeistam and Andersson (1997) studied the need for new pro
tected areas based on gap-analysis, which identffies the defidendes in representa
tion of biological diversity (see Scott et al. 1993). They conduded that based on
thefr analyses 9—16% of forest land should be protected in the different regions of
Sweden outside the mountain forests. In both the Swedish boreal zones (south and
north) the calculated need for protected forests was about 9% of forest land. In
Sweden, forest use and management resemble those in Finland. Thus, the amount
and proportion of forests in need of protection seem to be similar both in Finland
and in Sweden.
In addffion to foundafion of forest reserves, forest management pracfices
should take into account the demands of sustaining biodiversity (UNEP 1996b).
The important aspects indude, e. g., leaving dead trees, large trees and broad-lea
ved dedduous frees (parficularly large aspens) on the felled area. This could enable
the continuity of frees on a given site. However, this kind of pracfice does not make
it possible for several spedes to have viable populations in the managed forests as,
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at least at present, only a few per cent of trees are left on the feffing areas. Prescri
bed burning should be used more often in the regeneration of managed forests, as
several endangered species, beeties in particular, are dependent on the occurrence
of fires (Muona and Rutanen 1994).
An important aspect of a more ecological forestry is the consideration of key
biotopes, Le. valuable, small-scale habitats or biotopes of high natural values that
should either be left untouched or managed with spedal care (Meriluoto 1995,
Meriluoto & Soininen 1998, see chapter 15).
However, key biotopes are according to the present recommendations sup
posed mostly to be exfremely small, usually Iess than one hectare (Meriluoto 1995).
Thus, adopifon of the key biotopes approach does not compensate the need for
preserving large forest areas but key biotopes may ease spedes’ dispersal within
managed forest landscape. For spedes of old-growth or natural forests, key bioto
pes may act as ‘ecological corridors’ or ‘stepping stones’ between larger protected
forest areas. Also for spedes occurring in edaphically and hydrologically specific
sites, such as several vascular plants (chapter 13) and mosses, protecffng small
scale key habitats is important.
The sden%fically verified knowledge about the effects of the new forest ma
nagement recommendafions on biota are scanty, as yet. The information dealing
with these new management recommendations wifl increase in the next years (e.g.,
Raivio 1995, 1997). In Sweden, Carlson (1994) studied the significance of trees left
on the dear-cuts (size 3—6 ha) for cavity nesfing (hole-nesfing) birds. He observed
that the frequency of occupied cavffies on the clear-cuts was highest near the forest
edge, Iess than 50 iii from the edge. At a distance of over 50 m from the forest edge
the proportion of occupied cavffies rapidly declined. This was due to the fact that
tits and the pied fiycatcher ficeduta hypoteuca, which were the most common cavity
nesters, foraged in the forest and thus avoided breeding far away (>50 m) from the
forest. Cavity trees left in the central parts of even a relatively small dear-cut (e.g.,
>3 ha) have thus minor signfficance as a potenifal nesting trees.
Kaila et al. (1997) studied the significance of dead trees left in dear-cuts for
saproxylic beeties. They conduded that these dead trunks are important not only
for generalist beeties but for many beetle species spedalized to warm, sun-expo
sed environments.
However, in spite of the new management recommendations fragmentation
of forest landscape wili continue under the present logging practices. Therefore,
the constniction of new forestry roads causing addfflonal fragmentation of forest
areas should be considerably reduced, parficularly in forest areas, where they, as
yet, do not exist.
The different acfivity pattems of the new forest management recommenda
%ons should be represented in every region, and these schemes should be carried
out by regional forest planning. However, as private people own 63% of forest land
in Finland, and as much as 75% in southem Finland, this kind of planning is largely
dependent on the land owners willingness to follow these recommendations.
In regional forest planning different needs should be taken into account, such
as wood production and maintaining forest biodiversity, as also economic objecti
ves and offier environmental values. In the Finnish Forest and Park Service the
compiling of such multiple-needs plans has started some years ago, and ffiey should
cover ail state-owned land (representing about 25% of ali forest in Finland) in a
next few years. An essenifal part of muffiple-needs plans is so-called landscape
ecological planning (Hailman et al. 1996). This pianningis the overail consideration
of nature values in a relafively large area (50—500 km2). This plan indudes mapping
of important key biotopes for biota, mapping of offier nature, landscape and cultu
ral values, maintaining ecological corridors and stepping stones for the biota and
structural characteristics of forests to simulate natural dynamics, and definition of
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areas of being restored or improved in terms of biodiversity. The purpose of ecolo
gical corridors and stepping stones (small patches of valuable habitats) is to main
tain dispersal possibifiifes for spedes between larger areas of, e.g., old-growth fo
rests. Landscape ecological planning should ensure the maintenance of biodiversi
ty in a landscape of predominantly managed forests.
Although landscape ecological planning approach is basically an adequate
framework for forestry of large areas, the quality of existing forest landscape ma
nagement plans varies considerably. In some cases ffiese plans have slightly mc
reased the proporfion of old-growth forests intended to be preserved, hut using
selected cases Mönkkönen & Reunanen (1998) conduded that the planned corridor
networks are more aesthetic constructions buffering water courses against negafi
ve effects of forestry than true dispersal corridors for forest associated spedes.
Corridors are too narrow (25—100 m) for many forest spedalist spedes or corridors
are not forest at ali, but various wetland hahitats along watercourses (Mönkkönen
& Reunanen 1998).
In regional forest planning an important issue is to ensure that different forest
types are represented in appropriate proportions (Halla 1994). For instance, spmce
forests have considerably decreased in northem Finland during the past decades as
a consequence of forestry. This is because spruce forests have largely been regene
rated by pine. In order to restore missing characteristics of a managed forest landsca
pe several procedures should be carried out. forestry should try to simulate the
effects of natural dynamics as much as possible (Haila et al. 1994, Angeistam and
Pettersson 1997, Angelstam 1998). For example, in natural conditions there usually
is not a complete turnover of tree individuals in a given site as a consequence of
fires or storms: in general, part of the trees survive these disturbances causing
confinuity of tree generations within a forest. It should also be no%ced that when a
disturbance kifis ali the frees it causes a very large amount of dead wood in the area.
In managed forests, on the contrary, dear-cuffing of a forest removes ali or a great
majority of trees in a given site. Thus, to befter ensure tree conffnuity, selecfive
cutfing should he preferred, whenever possible. Small-scale key biotopes aiready
presented by several forest programmes should he left untouched. The use of lon
ger rotation cydes should also he considered. Increasing the amount of decaying
and dedduous wood in managing forests is dearly a task that should he carried out.
This means also that systematic removal of wind-fallen trees should he avoided.
In Sweden a so-called ASIO model has been developed for forestry to hetter
mimic the disturbance dynamics of different forest types (Angeistam et al. 1993,
Angeistam 1997,1998). This model is based on the intensity and significance of fire
occurring in different types of forests. Forests are divided into those which hum
almost never (A), seidom (5), intermediately (1) and often (0). Different forestry
practices should he carried out in these four fire frequency dasses.
However, there is sf11 liffle informafion available about the positive effects of
ffiese new harvesfing methods on forest biodiversity. Thus, before such studies
have been conducted these forestry methods should he regarded as ‘worldng hy
poffieses’ (Niemelä 1997). Qearly, research into the feasibffity of these meffiods
should he encouraged.
As forests are utilized at a large scale in Finland also in the future, one way to
minimise the negafive effects of forestry on biota would he to concentrate Umber
production more dearly to certain areas. This would mean ffiat there are different
types of forests: first, managed forests with high management intensity (‘talous
metsät’, Ministiy of the Environment 1994), second, managed forests with low
management intensity and high biological and conservaffon value (‘luonnonarvo
metsät’, Ministiy of the Environment 1994) and, third, protected forests. So, if the
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total cuffing volume remains the same, logging activffies should be increased in
certain areas and decreased in other areas. for instance, drained mires which have
largely lost their natural characteristics could mainly be used for intensive free
production. The valuable old-growth forests and other natural forests that are not
to be protected should be managed with special care by using selective cutting to




Sdentifically valid reviews on the biodiversity of various forests are insuffident,
see however, Haila (1994) and Haila et al. (1994). The need for more knowledge
applies not only to protected areas, rare and endangered spedes, but also to mana
ged forests, and to the impacts ffiat forest management practices have to biodiver
sity.
In general, ffiere is an urgent need to study in detail the effects of forestry
practices on biota. These studies should include boffi local scale, intensive research
within a forest stand; and a larger, regional scale, which covers extensive scienfific
work within a landscape perspective. The important topics to be studied indude
ecological and structural components of biodiversity (e.g. amount of decayingwood,
old-growth trees and broadleaved dedduous trees) available and needed within
the managed forests, and the amount of old-growth forests needed at the landsca
pe scale.
A study of the dispersal of species is of utmost importance, as several species
preferring old-growffi forests probably have a poor dispersal abiity. Consequent
ly they are suscep%ble to habitat fragmentation. The effects of habitat fragmenta
tion on different groups of biota should also be studied. TMs information is impor
tant for the landscape ecological planning. As forest ecosystems are rather compli
cated systems, research on spedes’ interactions should be encouraged.
The significance of key biotopes (see chapter 15) for biota should be studied
properly. Key biotopes are taken into account m managing forest habitats but due
to their extremely small size (0.1—1 ha) their importance for sustaining biodiversi
ty in the long run is uncertain, Befter knowledge on the importance of ecotones and
transition zones in forest landscapes is requested, e.g. for assessing ecological cor
ridors and stepping stones in the context of landscape ecological planning.
The network of protected areas in Finland should be analysed from the view
points of biogeographic complementarity and urgency for consewa%on measures
to discover the defidencies in the network. This indudes the analysis of the impact
that surrounding areas have on a proteded site. For instance, many protected mires
are actually parts of larger ditched mire areas. Often the drained mire margins
affect deffimentally the hydrological regime, and consequently the biota of the
protected part of the mire. The evaluation of the Finnish reserve network is cur
rently (1997—2000) being carried out in the Finnish Environment Institute.
The restoration methods and pracfices should simulate natural disturbance
regimes of forests, i.e. by aeating structural elements characterisfic to natural fo
rests. Part of structural features of a natural forest or mire habitat can be created in
some tens of years. Resffience of spedes diversity on restored habitats is, however,
widely unknown. Evaluation of restoraifon and management experiments is the
refore higffly requested.
Determining and monitoring biodiversity of forests should be connected to
measurable parameters. There is also a need to develop methods for assessing the
conservafion value of dffferent types of habitats and areas.
A monitoring system is requfred to yield informafion on the state and changes
of biodiversity in forests. In general, monitoring of changes both in the structure of
forests and in the spedes and habitat diversity is essentiaL Monitoring of popula
0
fions and forests should be canied out in areas remaining natural (protected areas)
and in managed forest landscapes to detect the effects of changes, both detrimental
and favourable, in sustaining biological and structural diversity of forests.
In order to promote high-quality research on biological diversity the finnish
Biodiversity Research Programme (FIBRE), a sbc-year programme, started in 1997.
FIBRE is funded by a broad range of end users of biodiversity data and knowledge:
the Academy of Finland, different Ministries, foundations and other organizations.
FIBRE includes altogether 59 sdentifically-based projects of which 23 are concent
rated on forest sector. In FIBRE interdisdplinary approaches are emphasized. fIB
RE focuses both on basic and applied biodiversity research, e.g, for forest manage
ment. for instance, the sdentific, ecological basis of landscape ecological planning
is studied in many projects.
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ConcIudin remarks
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
It should be stressed ffiat nafive species of boreal forests have adapted to natural
dynamics and natural disturbances. Therefore, it is of crudal importance that forest
management should simulate natural dynamics. Intensively managed forest landsca
pe is a new ecological situafion to which many spedes are not adapted. It should be
noticed, however, that Fennoscandian boreal forests have been under con6nuous
change during the past 10000 years also without human influence. But the impor
tant issue is that environmental conditions in the forest landscape have never chan
ged so rapidly as presently due to human influence: e.g., wiffiin the past 50 years
the forest landscape has changed thoroughly in the whole of Finland. The relative
ly slow natural change in a period of thousands of years, for instance, in tree species
composition in Fennoscandia (see chapter 4), is highly different from human-caus
ed, rapid change in tens of years.
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APPENDIX 1
Appendix 1
Forests of boreal and temperate Europe based on European Union’s Habitat Direc
tive. The new habitat types presented by Finland and Sweden are in asterisk.
Boreal habitat types:
Western taiga
* fennoscandian hemiboreal natural old broad-leaved deciduous forests
(Quercus, Titia, Acer, fraxinus or Utmus) rich in epiphytes
* Natural forests of primary succession stages of landupheavel coast
* Nordic subalpine/subarctic forests with Betula pubescens ssp. czerepanovii
* Fennoscandian herb-rich forests with Picea abies
* Coniferous forests on, or connected to, gladofluvial eskers
* fennoscandian wooded pastures
* fennoscandian deciduous swamp woods
Temperate habitat types:
Tilio-Acerion forests of slopes, screes and ravines
Old addophilous oak woods with Quercus robur on sandy plains
Bog woodland




Key biotopes according to the Forest Act and Nature Conservation Act in Finland
Key biotopes of the forest Act:
Small herb-rich woodiands
Herb-rich and fem-rich wooded peatlands and marshes
Rich fens (except Lapland)
Natural springs, brooks and small ponds with ffieir surroundings
Small wooded mineral islands in mire areas
Exposed rocks and rock cliffs, with their basement woodlands
Rocky crevices and gorges
Sparsely wooded mires and shore marshes
Sparse woodlands on sands, rocky outcrops and boulder fields
Wooded key biotopes of the Nature Conserva6on Act:
Natural woods of valuable broad-leaved trees (oak, eim, ash, lime)
Hazel woods
Black aider swamps
Sparsely wooded sand dunes
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keskeisiä tulevaisuuden tutkimustarpeita.
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1 den här publikationen granskas den biologiska mångfalden i våra skogar samt de prosesser som
påverkar den. 1 arbetet undersöks såväl den naturliga dynamiken samt människans inverkan på
den biologiska mångfalden i våra skoar. Härtiil presenteras ätgärder som gör det möjligt att
bevara mångfalden i framfiden. 1 pubhkationen granskas bl.a def finska skogamas och artemas
särdrag, ekologiska modeller och de möjligheter dessa erbjuder för att uppskatta bevarandet av
arter.Ytterligare granskas ekologiskt relevanta åtgärder for att upprätthålla biologisk mångfald.
Den boreala skogsnaturen har tidigare påverkats av naturliga stömingars dynamik såsom
skogsbrand och vindfällen. De boreala skogarnas arter har anpassat sig till skogsnaturens störnin
gar och dess dynamik. Numera strävar man emellerfid att sköta nästan alla skogar utanför
skyddsområden så att trädprodukfionens mål uppfylls. Intensivt skogsbruk förändrar skogamas
uppbyggnad och den regionala sammansättningen av skogstyper på ett sätt som en del av arterna
inte har kunnat anpassa sig till. Eftersom skogslandskap och naturskogars uppbyggnad inte kan
bevaras i skogar som sköts enligt den intensiva trädproduktionens prrndper är det nödvändigt att
skapa skyddsområden.
Det nuvarande nätverket av skyddsomräden bör utvidgas och målet borde vara att man på
Iångsild bevarar minst 1 0% av skogsmarkerna i samtliga skogsvegetafionszoner. Vid skogsbmk
borde man beakta bevarandet av biologisk mångfald i ekonomi-skogar såsom nyckelbiotoper och
andra värdefulla biotoper i samband med avverkning. De mest väsentliga forskningsteman i
framfiden är hur skogsbmket påverkar artsammansättrnngen och hur väl nätverket av skyddsområ
den kan bevara den biologiska mångfalden.
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Skog, biologisk mängfald, skydd
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Maintaining biological diversity in Finnish forests
Forests are highly important for the Finnish economy and for the
welfare of finnish people. However, intensive exploitation of forests
will eventually cause a decrease in biodiversity of forests, for which
reason the use of forests should be on a sustainable basis also in terms
of ecology of boreal forests.
This report presents an overview of processes and patterns affecting
biodiversity in Finnish forests. The specific Finnish features, both
natural and human-caused, having an influence on present biota in
forests are introduced. An important and essential issue is, how to
maintain biological diversity in forests also in the future.
This report provides information to ali, who are interested in
biodiversity of Finnish forests or boreal forests in general.
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